Food safety, especially with respect to pesticide-contaminated products, has received considerable attention in recent years. In this study, the effects of food processing steps on pesticide residues in apples were analyzed on the basis of processing factors (PFs) via a chemometric approach. Based on the PFs data, the removal efficiencies of beta-cypermethrin, chlorpyrifos, tebuconazole, acetamiprid, and carbendazim were optimized using a chemometric tool equipped with a central composite design (CCD). Several enzymatic treatment parameters that affect the removal efficiency of the processing procedure were investigated using a CCD screening design. Afterward, the identified significant factors were optimized to determine the optimum removal conditions. The results showed that the residue levels of these five pesticides in commercial juice may be further decreased using a reconstitution step. Apples with pesticide residue levels lower than the maximum residue levels can be assessed, and the resulting apple juice can be consumed directly.
Introduction
The Environmental Working Group, a nonprofit advocacy agency, has released its list of the most pesticide-contaminated produce, and once again, apples top the Dirty Dozen: "An apple a day usually keeps the doctor awaydunless it's ridden with pesticides" (http://www.huffingtonpost.com/2014/05/01/dirty-dozen-2014-ewg-pesticides_n_5246989.html). According to the U.S. Environmental Protection Agency, pesticides have been linked to developmental problems in children (Ren et al., 2011) , and may act as carcinogens or negatively affect the endocrine system. For apple products, safety and quality are among the most important factors influencing consumer choice today; not surprisingly, safety and quality are also the most important considerations of apple manufacturers and distributors, especially those that produce apple juice concentrate (AJC) (Pirsaheb, Fattahi, Pourhaghighat, Shamsipur, & Sharafi, 2014) . China, the largest apple producer in the world, accounts for almost 35% of total global apple production. China was also the No. 1 apple exporter in 2010, shipping approximately 1.12 million tons (Li, Qiu, Cai, & Li, 2012) .
Food processing includes the set of physical, chemical, and microbiological methods used to transmute raw agricultural commodities into food. Food processing also describes the process of transforming food into other forms for consumption by humans or animals (Kaushik, Satya, & Naik, 2009; Kong, Shan, et al., 2012) . The level and nature of pesticides in food may be changed during food processing. It is therefore of utmost importance for the apple industry to continue to seek out more effective methods to remove pesticides from products.
Pesticides can be roughly classified as hydrophilic (water soluble) or hydrophobic (water insoluble). It is well known that soluble pollutants on the surface of products are easily washed off with water, whereas insoluble pollutants persist on food and potentially threaten human health. In addition to insoluble surface pesticides, pesticide residues that are physically inside food products also persist after washing. Numerous studies have reported that food processing (including washing, peeling, boiling, and juicing) can largely reduce the levels of pesticide residues in food (Aguilera, Valverde, Camacho, Boulaid, & Garcia-Fuentes, 2014; Lopez-Fernandez, Rial-Otero, & Simal-Gandara, 2013) . Many studies have been carried out on the removal of pesticide residues from apples during home preparation and commercial processing Kong, Shan, et al., 2012; Martin et al., 2013) . However, no paper has reported on the fate of pesticide residues during the AJC manufacturing process. Hence, to obtain more insight into the effects of the process, we carried out a field experiment on apples, carrying out the AJC process.
Pesticide residue levels in fruits may change during processing. Ideally, a realistic risk assessment should consider the commodity, as much as possible, as consumed "at the table" (Claeys et al., 2011) . In China, as in many other countries in the world, researchers evaluate the processing factors (PFs) of pesticides in food processing. The PFs assist in the dietary intake assessment of related pesticides in processed commodities (Amvrazi & Albanis, 2008; BfR, 2010) . However, the method used to assess the PFs of pesticides often fails to obtain accurate conclusions because it fails to account for all of the interactions among PFs. As a result, this method should be replaced by the more robust chemometric approach (Dejaegher & Heyden, 2011) . Chemometrics is the chemical discipline that applies statistical and mathematical methods based on mathematical logic to chemistry. Many chemometrics-based techniques such as multivariate experimental design and response surface methodology (RSM) have been employed to optimize analytical methods. The techniques allow for the efficient extraction of information from chemical data using fewer resources (Georgakopoulos et al., 2011; Paiga et al., 2012; Perez-Burgos et al., 2012) . However, PFs can only provide information regarding the variation in pesticide residues resulting from food processing. Currently, there is no method that can simultaneously ensure the quality of processing and effectively assess the removal efficiency of pesticide residues. PFs combined with chemometrics constitute a good attempt to monitor and control pesticide residues. To our knowledge, there is a paucity of published research on the applications of chemometric methods to determine removal efficiencies. Furthermore, no studies have reported using chemometric approaches with PFs to optimize the removal efficiency of five pesticides.
Considering the aforementioned statements, the aims of this study were to evaluate the residue levels of five pesticides commonly found in apples: beta-cypermethrin, chlorpyrifos, tebuconazole, carbendazim, and acetamiprid. We also assessed the influence of commercial processes (washing, juicing, filtration, enzymatic treatment, sterilization, and concentration) on these pesticide residues. Another objective was to enhance the understanding of the effects of AJC processing on the PFs and to develop a chemometric approach (including experimental designs, RSMs, and desirability profiles) with the PFs to optimize the removal efficiency of the five pesticides. This was followed by UPLCeMS/MS and GC analysis for the simultaneous determination of the five pesticides in the apples and their by-products.
Materials and methods

Field trials
Trials were carried out in a commercial orchard located in Beijing, China. Chlorpyrifos, beta-cypermethrin, tebuconazole, acetamiprid, and carbendazim were chosen as the target pesticides due to their common application in conventional Fuji apple orchards. To ensure that sufficient target pesticides were deposited on the apples for the following processing studies, the five different commercial pesticide formulations were applied individually at a twofold higher dosage for a total of three sprayings at intervals of 7 days (Table 5 ). Random 60 kg apple samples were collected 3 days after the last treatment and placed in polyethylene bags. The apples were transported to the laboratory on the same day. At the laboratory, the apple samples were processed immediately, and all of the subsamples were stored frozen (À20 C) until analysis.
Materials
Standard chlorpyrifos, beta-cypermethrin, tebuconazole, acetamiprid, and carbendazim materials (all purity > 97%) were obtained from Dr. Ehrenstorfer GmbH (Augsburg, Germany). Acetone, n-hexane, acetonitrile, anhydrous magnesium sulfate, and sodium chloride were used for pesticide residue analysis and were purchased from Beijing Chemical and Reagent (Beijing, China). Chromatography grade acetonitrile was obtained from Honeywell International Inc. (New Jersey, USA). Primary secondary amine and Florisil (1000 mg/6 mL) solid-phase extraction (SPE) columns were purchased from Agela Technologies (Tianjin, China). Water was purified (18.0 MU cm at 25 C) using an ultrapure purification system (Millipore, MA, USA). Fig. 1 shows the processing flow diagram. The processing conditions were established in accordance with industrial practices corresponding as closely as possible to the actual conditions. In general, the production of AJC includes seven steps: washing, juicing, primary filtration, enzymatic treatment, secondary filtration, sterilization, and concentration. In the current study, samples (washed apples, squeezed juice, apple pomace, filtered juice, clarified juice, sterilized juice, and concentrated apple juice) from the different processing stages were collected to determine and investigate the variation in pesticide residues during the processing procedure.
Sample preparation
The obtained raw apples (20 kg) were washed with running tap water (10 L min À1 , 25 C) by shaking three times for 10 min. An automatic juice extractor (Guangzhou XuZhong Food Machinery Co., Ltd., China) was fed with apples (which were cut into quarters). This process produced squeezed juice and pomace. The squeezed juice was filtered through a diatomaceous earth filter. Then, the primary filtered juice was treated with amylase (0.1%, w/w) and pectinase (0.1%, w/w) (Jiangsu Ruiyang BioTech Co., Ltd., China) at 50 C for 1.5 h. These enzymes break down the starch and pectic substances in apple juice, producing a fine particulate suspension. The enzyme-treated juice was filtered using an FT15 Disc Bowl Centrifuge (Armfield Ltd., England) at a speed of 4000 rpm. The juice was subjected to sterilization at 140 C for approximately 10 s through ultra-heat treatment (UHT) (Shanghai Triowin Automation Machinery Co., Ltd., China). An HZ-TNG-30L multifunctional extraction and concentration system (Beijing Nainuo Biological Technology Co., Ltd., China) was used with the primary temperature setting at 60 C for 30 s to reach the final Brix of 85 C for this study.
Extraction and analysis of pesticides
Analysis of chlorpyrifos and beta-cypermethrin by GC
The analytical method was previously described in Kong, Shan, et al. (2012) . An Agilent GC 7890A (Agilent Technologies, USA) equipped with an electron capture detector (ECD) was used. Briefly, beta-cypermethrin was extracted with acetonitrile from the homogenized samples (10 g apple or 20 mL apple juice). The betacypermethrin residue was analyzed by GC-ECD. All of the GC parameters for the beta-cypermethrin analyses are listed in Table 1a .
Analysis of chlorpyrifos, tebuconazole, acetamiprid, and carbendazim by UPLC-MS/MS
The analytical method used to analyze the pesticides was based on the QuEChERS method. Chromatographic separation was carried out on a Waters Acquity UPLC binary solvent manager equipped with a Waters Acquity UPLC BEH C 18 column (2.1 mm Â 50 mm, 1.7 mm particle size) (Milford, MA, USA). The UPLC MS-MS conditions were optimized individually for each target compound and are listed in Table 1b and c. GC-ECD and UPLC-MS/MS chromatograms of an apple sample spiked at 0.1 mg kg À1 are shown in Fig. 2 .
Removal experimental design
To evaluate and optimize the parameters that affect pesticide removal efficiency during the production of apple juice concentrates, a central composite design (CCD) was used to evaluate the identified significant variables and to determine the optimal factor levels for each of the responses. A CCD consists of a two-level factorial design (2f) with (2f) star points, where f is the number of variables, and at least one central point (N 0 ) selected to establish the rotatability or orthogonality of the experimental design, in order to fit quadratic polynomials. The central points are often repeated to estimate the experimental error (pure error) (Khodadousta, Ghaedia, & Hadjmohammadib, 2013) . Thus, the total number of the experimental points needed (N) is determined by the following equation: N ¼ 2f þ 2f þ N 0 . Finally, Derringer's desirability function is used to optimize the experimental conditions to obtain desirable pesticide removal yields.
The experimental matrix designs were implemented, and the results were evaluated using the StatSoft Statistica 8.0 computer program.
Results and discussion
The study of the fate of five pesticides during the simulated industrial processing of AJC is described. The PFs for selected pesticides during different processing steps were calculated, which are necessary to refine the risk assessment of frequently detected pesticides.
Verification of analytical procedure
The limits of detection (LODs) for chlorpyrifos, betacypermethrin, tebuconazole, acetamiprid, and carbendazim were considered as the concentrations that produced signal-to-noise (S/ N) ratios of 3. The LODs were in the range 0.2e3.1 mg kg À1 (Table 2) , and were less than or equal to those obtained by other authors (Gomez-Perez, Plaza-Bolanos, Romero-Gonzalez, Martinez-Vidal, & Garrido-Frenich, 2012; Zhang et al., 2012) . The LOD results obtained by GC-ECD were higher than those by UPLC-MS/MS, probably because of the higher selectivity and better sensitivity of the mass spectrometer. The linearity for both methods was evaluated in the range 0.005e2.0 mg kg À1 . In all cases, good linearity was achieved with correlation coefficients exceeding 0.9981. Recoveries during the analysis of the apples and apple production were 78.9e116.3% at three concentration levels. In general, the relative standard deviations (RSD) a and RSD b for the proposed method ranged from 1.5 to 9.9% and 3.2e11.6%, respectively, which were within the range expected for residue analysis as per the recommendations in Document No. SANCO/10684/2009 (European Commission, 2009 (Table 3 ). The results of the recovery studies demonstrated that the dispersive solid-phase extraction clean-up (dSPE) of the UPLC-MS/ MS method achieved satisfactory trueness, precision, and sensitivity for pesticide analysis in foodstuffs such as apple matrices.
Matrix effects
The presence of matrix components can affect the ionization of the target compounds when ESI is used (Dams, Huestis, Lambert, & Murphy, 2003) . Depending on the decrease or increase in the percentage of the slope, different matrix effects could be observed: changes between À20% and þ20% was considered as mild signal suppression or enhancement effects; those between À50% and þ50% was considered medium effects; and strong signal suppression or enhancement effects were assigned below À50% or above þ50%.
The data in Table 2 indicate that obvious signal suppression or enhancement differences were observed for the five analytes in the seven matrices, as the slope ratios of matrix/n-hexane or methanol were in the range 0.7e1.5, and the slope values were between À45.9% and þ31.0%. For beta-cypermethrin, chlorpyrifos, tebuconazole, and carbendazim, the raw apples, squeezed juice, squeezed pomace, filtered juice, clarified juice, and AJC matrices presented soft signal suppression and enhancement effects (SSE slope ¼ 0.8e1.2). In some cases, enhancement appeared for the AJC matrices (SSE slope ¼ 0.7e0.8). However, for acetamiprid, the matrices presented medium signal suppression and enhancement effects (SSE slope ¼ 0.7e1.5). Generally, the suppression or enhancement effects originate from the insufficient removal of endogenous compounds such as phospholipids, fatty acids, saccharides, phenols, and pigments. However, the real origins and mechanisms underlying these matrix effects are still not fully understood and should be further investigated. Therefore, the use of matrix-matched calibration solutions is necessary to compensate for errors associated with matrix-induced suppression or enhancement effects in the new dSPE method. In this study, calibrations were performed for the five pesticides using external matrix-matched standards to eliminate matrix effects and obtain realistic results for all samples.
Processing factors
The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) evaluates data on residue behavior when significant residues occur in plant or plant products that are processed into food. Based on the effect on residue levels and the disposition of the residues in the various processed products, processing factors are calculated and considered by the JMPR (FAO/WHO, 2006 ) and the Organization for Economic Co-operation and Development (OECD, 2008) as follows:
PFs ¼ residue level in processed commodity residue level in the RAW or commodity to be processed A PF value of <1 (¼reduction factor) indicates a reduction in the residue in the processed commodity, whereas a value > 1 (¼concentration factor) indicates a concentration effect of the processing procedures (Timme & Walz-Tylla, 2004) .
Washing is the most common form of processing, and is a preliminary step in both the household and commercial preparation of apples (Kaushik et al., 2009) . Several studies have examined the effectiveness of washing to remove pesticide residues in fruits and vegetables (Aguilera et al., 2014; Ling et al., 2011) . As presented in Table 4 , we can see that intensively washing the apples did not significantly reduce the residue of betacypermethrin, whereas the reductions in the levels of acetamiprid and carbendazim residues were higher. After the washing process, the mean losses of chlorpyrifos, beta-cypermethrin, tebuconazole, acetamiprid and carbendazim were 21.3%, 6.2%, 11.9%, 66.2%, and 47.3%, respectively (Fig. 3) . These results can be rationalized by the high octanol/water partition coefficients and water solubilities of the pesticides. Additionally, the washing procedure and the physicochemical properties of the pesticides and the crop skin also affect the elimination of pesticides (Aguilera et al., 2014) .
Next, the apple was cut into quarters and juiced with the pomace removed. Only 17.4e32.7% of the total residues were retained in the squeezed juice (with the exception of acetamiprid, which was highly distributed in the juice). Hence, the reduction of Beta-cypermethrin, chlorpyrifos, tebuconazole, and carbendazim after juicing might be due to the removal of the apple pomace (Kaushik et al., 2009). Holland, Hamilton, Ohlin, and Skidmore (1994) observed that the pomace often retains a substantial proportion of lipophilic residues. The pomace was juiced a second time. Comparing the juices from the first and second squeezings, our study indicates that pesticide reduction by juicing is inversely related to water solubility (Fig. 4) . For chlorpyrifos (water solubility 1.05 mg kg À1 ), beta-cypermethrin (0.051 mg kg À1 ), tebuconazole (36.0 mg kg À1 ), acetamiprid (2950.0 mg kg À1 ), and carbendazim (8.0 mg kg À1 ), the content reduction from juicing increases as the water solubility of the pesticide decreases (Table 5 ). This range of values is similar to that obtained by Burchat et al. (1998) in a previous study on the effect of home processing on the level of pesticides in different fruits and vegetables. However, in other juicing studies, the pesticide reduction rates have been independent of water solubility (Li, Jiao, et al., 2012; Li, Qu, et al., 2012) .
After juicing, the squeezed juice was filtered through a diatomaceous earth filter. Fig. 3 shows that the primary filtering process produced a 16.5e57.0% reduction of the five pesticides. Fernandez, Oliva, Barba, and Camara (2005) and Oliva, Paya, Camara, and Barba (2007) investigated the effects of clarification agents on the removal of pesticide residues and found that filtration was not an effective step in the elimination of residues from wine. To clarify the juice, the primary filtered juice was further processed with amylase and pectinase, and the enzymatically treated juice was secondarily filtered. As shown in Fig. 3 , enzymatic treatment resulted in a decrease in the levels of beta-cypermethrin, chlorpyrifos, tebuconazole, acetamiprid, and carbendazim by 31.9%, 7.3%, 45.4%, 11.5%, and 68.6%, respectively.
Removal efficiency design
To remove more of the carbendazim residue and further optimize fruit juice clarification, CCD was used to investigate the factors that influence the enzymatic treatment. In the CCD step, the experiments were conducted randomly to minimize the effect of uncontrolled variables. In this research, the mathematical relationship of the responses to the variables could be fitted by a quadratic model, which is expressed by the following polynomial equation:
where y is the response, and X 1 , X 2 , and X 3 correspond to the Pectinex Ultra SP, temperature, and enzymatic treatment time, respectively. The intercept is b 0 , and b 1 to b 33 are the coefficients of the polynomial equation. Analysis of variance (ANOVA) was performed to examine the main effects using a t-test with 95% probability. The regression coefficients and the probability values for each term in the models are shown in Table 6 .
Three-dimensional (3D) response surface plots for carbendazim were drawn, as shown in Fig. 5 , to evaluate the trends of the three most significant factors (Pectinex Ultra SP, temperature, and enzymatic treatment time). The conditions are shown in Table 6 . The individual desirability functions were then combined into an overall desirability function (D) by calculating the geometric responses. According to the overall results calculated from the desirability function, the optimum working conditions were achieved at the following values: time, 1.5 h; Pectinex Ultra SP, 0.1%; and temperature, 50 C. Kaushik et al. (2009) reported that the clarifying agents tested showed no or moderate influence on the residues in wine with the exception of charcoal, which afforded the complete or almost complete elimination of residues. Nagayama (1997) observed that pectin can adsorb organophosphorus pesticides in marmalade. Similarly, a decrease in the pesticide levels in the enzymatic step might be due to the adsorption of the pesticide by the pectin. Meanwhile, the secondary filtration further reduced the residue levels of the five pesticides (Fig. 3) . One important conclusion from these studies is that the elimination of pesticides during filtration and enzymatic treatment is dependent on many factors, such as the nature of the pesticide and processing techniques.
The juice was subjected to sterilization after it was clarified. In the sterilized juice, the total relative pesticide residues were 1.7e18.7% of the values in the raw apples. The residue levels of chlorpyrifos and beta-cypermethrin in the sterilized juice were decreased by 65.6% and 50.4%, while the elimination of tebuconazole, acetamiprid, and carbendazim during sterilization amounted to 18.8%, 13.5%, and 21.0%, respectively. The effect of sterilization on pesticide residues is probably related to processing conditions and the physicochemical properties of the pesticides (Li, Jiao, et al., 2012; Li, Qu, et al., 2012) . A comparison of the three types of sterilization (UHT, pasteurization, and peeling) showed that chlorpyrifos and beta-cypermethrin were thermally unstable (Fig. 6 ). During sterilization, these two pesticides might have been destroyed or degraded. As the UHT process is carried out in a closed system, most of the residue loss during sterilization seems to be due to the thermal instability of the pesticides. The other three pesticides are thermally stable, and their concentrations decreased only slightly. The foregoing results also indicate that the short sterilization time would not sufficiently decrease the levels of the thermally stable pesticides during the commercial processing of apple juice.
A multifunctional extraction and concentration system was used during the concentration process, and Table 4 shows the higher residue levels of these five pesticides in the AJC, although these levels were still below or close to the residue levels in whole raw apples. The residue levels of tebuconazole and acetamiprid were increased 4.5 and 4.8 times, respectively. Due to the high moisture loss during juice concentration, the increase in the residue levels from concentration is well correlated with the thermal stability of Fig. 4 . Residual amounts of five pesticides per kilogram of apple matrix after the juicing process. These results show the pesticide removal effects for the first and second squeezings. The error bars indicate the standard errors of the measurements (n ¼ 5). Data points with different letters imply significant differences (p < 0.05).
Fig. 5.
Standardized main effect Pareto charts obtained from the CCD design for carbendazim, evaluating the trends of the three most significant factors (Pectinex Ultra SP, temperature, and enzymatic treatment time).
Table 6
Enzymatic treatment experimental factors and levels of the CCD design of carbendazim.
Factor
Unit Level Low(À1) Central (0) the pesticides. The concentrations of pesticides with high thermal stability may be increased, but the concentrations of pesticides with low thermal stability are increased only slightly or the pesticides are degraded (Li, Jiao, et al., 2012; Li, Qu, et al., 2012) . Because the AJC is mainly used to produce commercial apple juice by reconstituting with water, the residue levels in commercial juice may be further decreased during the reconstitution step.
Conclusion
In the present study, the effects of simulated commercial processing on the residue levels of beta-cypermethrin, chlorpyrifos, tebuconazole, carbendazim, and acetamiprid were investigated. The PFs after each step were calculated, and the results were generally less than 1 except for concentration, which may be due to the high moisture loss that occurs during that step. In this research, for the first time, the removal process was optimized using a chemometric procedure via with a CCD combined with PFs. The results showed that the washing, squeezing, sterilization, and the time of enzymatic treatment were the key processing steps. Overall, the results will be useful for ascertaining the levels of these five common pesticides in apples and allowing the refinement of dietary risk analysis. Fig. 6 . Pesticide residues after the sterilization process, including the residual amounts of chlorpyrifos and beta-cypermethrin per kilogram of apple matrix. These results show the pesticide removal effects for different sterilizations processes: UHT, pasteurization, and peeling. The error bars indicate the standard errors of the measurements (n ¼ 5).
